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Shear stress modulates the proliferation of vascular smooth muscle
cells via receptor for activated C kinase 1

SHEN Yan, WANG Lu, HAN Yue, YANG Yu-chen, SHEN Bao-rong, QI Ying-xin,
JIANG Zong-lai( Institute of Mechanobiology and Medical Engineering, School of Life Sciences and Biotech-
nology, Shanghai Jiaotong University, Shanghai 200240, China)

Abstract; Objective To investigate the role of receptor for activated C kinase 1 (RACKI1 ) in vascular smooth
muscle cells (VSMCs) proliferation modulated by co-cultured endothelial cells (ECs) and shear stress. Methods

Using EC/VSMC co-cultured parallel plate flow chamber system, two levels of shear stress, i. e. low shear
stress (LowSS, 0.5 Pa) and normal shear stress (NSS, 1.5 Pa), were applied for 12 h. BrdU ELISA was used
to detect the proliferation of VSMCs, and Western blot was used to detect the protein expressions of RACKI1 and
phospho-Akt. Under the static condition, RNA interference was used to suppress the expression of RACKI in
VSMCs, and then the proliferation of VSMCs and expressions of RACKI1 and phospho-Akt were detected. By
using co-culture model (ECs/VSMCs) and separated culture model (ECs//VSMCs) , the effect of ECs on ex-
pressions of RACKI1 and phospho-Akt in VSMCs was further analyzed. Results Comparative proteomic analysis
revealed that LowSS increased the expression of RACKI in rat aorta. In vitro experiments showed that LowSS
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induced the proliferation, expressions of RACKI1 and phospho-Akt in VSMCs co-cultured with ECs. Target RNA
interference of RACKI significantly decreased the proliferation of VSMCs, and the phosphorylation of Akt. In
comparison with ECs//VSMCs ( separated culture) group, the expression of RACKI1 and phospho-Akt were both
up-regulated in the VSMCs co-cultured with ECs (ECs/VSMCs group). Conclusions The expression of RACKI
in VSMCs was modulated by shear stress and neighboring ECs, which might induce cellular proliferation via
PI3K/Akt pathway. The investigation on VSMC proliferation and the involved biomechanical mechanism will con-
tribute to understanding and help preventing the pathogenesis and progress of atherosclerosis.

Key words: Shear stress; Endothelial cells (ECs) ; Vascular smooth muscle cells (VSMCs) ; Receptor for acti-

vated C kinase 1 (RACKI1) ; Cell proliferation

O A RGN 2L T 28G5 85 rh, Hor
MRS AR A R EE N R, KRER
RIN, Bh Kok ERE Ak 22 e A A 1A o SORS B Ak s
ity A &8 1 g 10 07 7 AT A X3, 3 ARV R 7 (Tow
shear stress, LowSS ) 7£ 2 ik i3 #¢ 6 Ak 1fiL % 55 2 1Y) &
R B R E AR o Sk RE R Ak LG
TURR  FP S8 A4 I F- 45 JUL AT HE ( vascular smooth mus-
cle cells, VSMCs) [r] P JIEE T J2 3 4 FH 1S B8 O 32 24
o BF9ERM, LowSS 153 VSMCs 3458 J2 50 [Tk ity
RERE fh 1 65 R 7 00 B B A L IR, T
VSMCs 358 DI REZ8 1k e H Ty 27 A= )2 F-BILAI, %F
TNV BT R ok A A Ak 5558 5 & S L3R B T A
FEE,

VSMCs F1 IfiL /5 N Fz 28 i ( endothelial cells,
ECs) & M REM EZ MM 5. FEARIEOL T, B2
HEZI () ECs A7 T 045 P, A8 B TRT 5 000 0 B 422 4
il s 7 VSMCss 3= 2257 100 457 v 6%, 388 4o 1L A8 P 5L )
i E LB S ECs JERmAARY . ERE LT,
VSMCs N B 208837 1ML 3 187 77 09 3003, AH 2 7T LL3E
115 ECs By 13 52 fl 1 2% 43 WA VR FH e iz 17 o7 7 4R
o W5 KRB, V1N 1% ECs 430 Z2 240 i X+
YERT VSMCs, MM 3E — RN N5 5 40 7,
51 VSMCs 3958 7k A T-AE D RE R el , S0
EEE

PI3K/ Akt 38 BSR4 40 i A= A 300 il 4 e g 1
MBS S . 2R, Akt BERR LK
S 400 ) 5 S A AR A T e K ST AR TR 4
HIRIFGY & B, LowSS 15 ¢ il 45 20 41 p-Akt FRiA7K
I, B Ak R ALK P 5 i DR ) RN & R
RS SR, VI E 73X — 72 3 ] R - Ak
T T A DT 352 W) 481 L 9 1) - BIL T 1 AT 2

ARSI A ] s FEL UK 4 T S 4 B B B

{7V, RIIG AL C 3244 1 (receptor for acti-
vated C kinase 1, RACK1 ) ¥F LowSS 1E FH T A% It &
ZHAR L 3k, $2% RACKL A RE M Sy — Filt 51 210
JIEW R A 25T LowSS i S 119 1 45 & &,
RACKI Z—FpE EEAASF RO N H , 5 G &
B WAL . BLEESE RACKI 2 5%45
ARG S SR 05 B, R4 Mg 78 5%
T2 22 b S 200 i T RE 9 45 ol B T AR
SR, LowSS 75519 RACKI 7.0 I8 5 5 1ML 45 2 7
HRAE T B B o AN T A, KR R 9 5K,
RACKI BEfE P8 5 Akt 1% 1 5% i 240 L D) RE . Kiely
0 B RACK AT LU 6 B R KN 122 k-1
g4 it PI3K/ Akt {55380 [, 8 42 48 A 09 A= A2 AR
. Wang 21 % 31 RACKI i i 3% 3% PI3K/Akt
155 10 R4 10078 N B2 A2 K 7 (VEGF) /FIl A
(N RR B A0HE T RS . UL, AR SCHETI LowSS il 3%
Al gLt RACKL J# Akt fRSRR 1L /K T, T 5
VSMCs (134758 .

AN ECs 5 VSMCs BX A& 55 5% 169 47 F- A
ARG, B AE IR ECs 5 VSMCs [H] (1) P 7£ 5k
2" PR E YIRS % VSMCs 9 RACKT %3k |
Akt R Ak L K 200 i 14 58 Ty R 1) 5% W) 5 2F 17 .
RNA THHEARFE S MM H] VSMCs ) RACK1 ik,
K I FLXT T Akt Bl 4k 1 VSMCs 3955 f1E R , 35
JFH VPR 40 L o FF 55 5 ARG 5 355 SR BE R, (80 ECs 1Y
LR A F55 3 I FH T VSMCs 9 RACK1 FE 35 A
Akt BERRAE I RZI

1 #R5FE

1.1 #FMEFMEALANEREORASF
oW &M T 1 S 220 ~ 240 o HEPE SD K RN £
Bk, TR T T R 1 3 3 Bk O 25 4L 4% i 18] 3l



ik B%. ECHEE C 2641 EYRAEELE FBINAREESNIER
SHEN Yan, et al. Shear stress modulates the proliferation of vascular smooth muscle
cells via receptor for activated C kinase 1 493

oK A3 32,5 00 4 A TR R 0L A A I e
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A ) IR R XA iR £ T ( polyethylene tereph-
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Akt f B 55 [ Hi K ( Cell Signal Technology 7\ #],
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Fig.3 Effects of NSS and LowSS on the expression of RACK1 and
the phosphorylation of Akt in co-cultured VSMCs
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2.5 ECs EEEMMESDERAMNBESEF
VSMCs f# RACK1 &ix5 Akt BBk 1 1E
A
i T VSMCs AN L4232 BNYUT R 34, 50z HIEk
A 1557 (ECs/VSMCs ) 1B J 15 3% (ECs// VSMCs )
AR ECs ELEEHE MM AN 55 43 W% VSMCs 1) RACKI
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YEHT B 7 24 i 3075 5 19 RACKL 3k 7E VSMCs
IR i HLE H B ATE 2

AL R Bon, TRV 1 24 RACKI X}
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S ) AR R T 8 = I ol 2 ol e 40 4 i e
A A Ak B R AL K ST Bl A i D) 4 B g 5 T
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ECs 5 VSMCs 2 [ 0] L ¢ [ B 2 42 25 1144 1
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] b 40 B[] % 42 A T T ECs JH 4% 9 VSMCs N
RACK1 ik Akt B R £k K HmT 58 19 4 AL 475
NG AR T4 IR L it — e .
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